Supplemental information
T he development of new farming methods since the 1960s, such as increased mechanization, monoculture systems, higher levels of inputs (ie water, chemical fertilizers, pesticides), and selection of high-yield crop strains (Tilman et al. 2002) , has promoted agricultural intensification. As limits to crop productivity were raised, agricultural intensification increased global food production and reduced world hunger (Tilman et al. 2002) .
However, these benefits came at a cost to biodiversity (Krebs et al. 1999) , as agricultural intensification reduced habitat quality at local scales and resulted in simplified agricultural landscapes with lower habitat diversity and availability (Tscharntke et al. 2005) . Habitat degradation results in a decrease in biological diversity, which may in turn reduce the provision of ecosystem services (Cardinale et al. 2012) . In particular, there is evidence that pollinator diversity has declined over time (eg Biesmeijer et al. 2006) , in part driven by agricultural intensification (Potts et al. 2010) . A meta-analysis of local-scale experiments found that pollination services delivered to crops ( Figure 1 ) decrease with isolation from natural habitats, lowering both crop yields and the stability of those yields over time (Garibaldi et al. 2011) .
These findings are a matter of concern in terms of future food security (Allen-Wardell et al. 1998) , since 35% of global crop production grown for human consumption derives from crops that depend to some extent on pollination services (Klein et al. 2007) . Aizen et al. (2009) estimated that 3-8% of world crop production could be lost in the absence of pollinators. To date, however, such estimates remain speculative because locally declining pollination services do not seem to translate into a global decrease in the yield of pollinator-dependent crops (Aizen et al. 2008; Ghazoul and Koh 2010) . From both the conservation and food security perspectives, it appears critical to ascertain whether the local effects of agricultural intensification on the yield of pollinator-dependent crops and yield stability could scale up, to become a matter of national political concern. The country-level scale is particularly relevant since directives regarding agricultural and conservation objectives are often issued nationally.
In the present study, we undertake a country-wide assessment of the productivity of crops with various degrees of pollinator dependence and cultivated across a gradient of agricultural intensification. We discuss the implications of our results for the management of agricultural lands and practices in Western Europe.
n Methods
As the aim of agricultural intensification is to enhance crop productivity (Tilman et al. 2002) , we would expect increases in yield and decreases in yield variability with rising levels of agricultural intensification. Because intensification methods also have negative impacts on pollinator communities (Garibaldi et al. 2011) , we would expect to see effects on both yield and yield variability to diminish with increasing crop dependence on pollinators. We tested these hypotheses using a long-term, large-scale crop production dataset from France. Unprecedented growth in human populations has required the intensification of agriculture to enhance crop productivity, but this was achieved at a major cost to biodiversity. There is abundant local-scale evidence that both pollinator diversity and pollination services decrease with increasing agricultural intensification. This raises concerns regarding food security, as two-thirds of the world's major food crops are pollinator-dependent. Whether such local findings scale up and affect crop production over larger scales is still being debated. Here, we analyzed a country-wide dataset of the 54 major crops in France produced over the past two decades and found that benefits of agricultural intensification decrease with increasing pollinator dependence, to the extent that intensification failed to increase the yield of pollinator-dependent crops and decreased the stability of their yield over time. This indicates that benefits from agricultural intensification may be offset by reductions in pollination services, and supports the need for an ecological intensification of agriculture through optimization of ecosystem services.
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Crop dataset, measures of productivity, and pollinator dependence
From 1989 to 2010, statistics for the annual yields of 68 crops were provided by the Service de la Statistique et de la Prospective du Ministère de l'Agriculture et de l'Agroalimentaire (http://acces.agriculture.gouv.fr/disar/ faces/) for each of the 22 regions of France (average area of administrative areas: 24 974 km²). We selected 54 crops that had been grown in a minimum of ten regions and for at least 10 years within each region, during the 1989-2010 period (see WebTable 1 for details).
For each crop, we estimated the regional yield and yield instability using the mean annual yield and the coefficient of variation of the yield (hereafter called "mean yield" and "yield variability", respectively). Specifically, for each crop in each region, we first performed a linear regression of crop yield against years. To account for annual yield improvement, we extracted the residuals from the regression, to which we added the predicted yield at year "1999.5" (ie the middle of our dataset's time frame) to avoid negative yield values. Mean yield was calculated as the mean of the residuals, whereas yield variability was the standard deviation of the residuals divided by the mean yield times 100. Finally, separately for each crop, mean yield and yield variability across the 22 regions were standardized (ie z-transformed) to allow comparisons among crops:
where y i is either the regional mean yield or yield variability, y -is the average of either the regional mean yield or yield variability across the 22 regions, and SD y is the standard deviation of either the regional mean yield or yield variability across the 22 regions.
We followed Klein et al. (2007) by classifying crops based on their level of pollinator dependence. On the basis of the percentage of yield reduction resulting from an absence of pollinators, we classified crops into one of (Table 1 ; WebTable 1).
Regional level of agricultural intensification
The level of agricultural intensification for each region (hereafter "intensification index") was derived from the High Nature Value indicator (Pointereau et al. 2007 (Pointereau et al. , 2010 . The intensification index aggregates three components estimated at the municipality level (administrative areas within regions; average area: 15 km 2 ): "Crop diversity" (a proxy for the crop rotation system), "Extensive farming practices" (an estimation of pesticide inputs, levels of irrigation, and use of mineral fertilizers), and "Landscape elements" (an estimation of semi-natural habitat availability; eg hedgerows, forests, traditional orchards). Each component is scored from 0 (low intensity; ie high diversity of crops and large crop rotation system, low levels of inputs, or high availability of semi-natural habitats) to 10 (high intensity; ie low diversity of crops and short crop rotation system, high level of inputs, or poor availability of semi-natural habitats). The three scores are summed to obtain the intensification index (at the municipality level, intensification index averages 17.81 and ranges from 0 to 29). Because both local-and landscapescale characteristics of agricultural intensification are included (Tscharntke et al. 2005) , this index constitutes a comprehensive index of agricultural intensification.
To obtain the intensification index for each of the 22 regions of France (Figure 2) , we calculated the mean intensification index of municipalities in a region, weighted by their agricultural area. Crops from all five levels of pollinator dependence covered areas involving very similar, largescale gradients of intensification index (Table 1 ).
Data analyses
We tested our hypotheses using linear mixed models that included as the response variable either mean yield or yield variability, and as explanatory variables the level of pollinator dependence of crops (as a continuous variable), the intensification index, and the interaction between pollinator dependence and intensification. To take into account that crops may respond differently to agricultural intensification and that some crops originated from the same species, we included crop name nested within crop species as a random term on the intercept and the slope of the intensification index variable. Assumptions of homoscedasticity (homogeneity of variance) and normality of the residuals of our models were met. Residuals of the models were spatially independent. We performed F tests within Type III univariate analysis of variance to investigate the effects of the explanatory variables.
n Results
We found a significant effect of the interaction between crop pollinator dependence and the intensification index on mean yield (degrees of freedom [df] = 1, F = 22.365, P < 0.001; WebTable 2), indicating that changes in mean yield with the intensification index depend on the crop's level of pollinator dependence (Figure 3 , a-e). As expected, the mean yield of pollinator-independent crops increased with increasing intensification index, but this relationship weakened with increasing level of pollinator dependence, with the mean yield of highly pollinator-dependent Regarding yield stability, we also found a significant effect of the interaction between crop pollinator dependence and the intensification index on yield variability (df = 1, F = 29.486, P < 0.001; WebTable 2), showing that changes in yield variability with the intensification index depend on the level of pollinator dependence of the crop (Figure 3, f-j) . Yield variability of pollinator-independent crops decreased with increasing intensification index, but increased for crops with high levels of pollinator dependence. This suggests that agricultural intensification led to crops with low pollinator dependence having more stable yields across years. However, intensive agriculture decreased yield stability in highly pollinator-dependent crops, strongly suggesting that a key resource needed by these crops is destabilized by agricultural intensification.
There appears to be a gradual shift along the gradient of crop pollinator dependence in the response of mean yield and yield variability to the intensification index, in spite of an "inversion" between regression lines of level 5% and 25% (the 25% regression slopes being steeper than the 5% regression slopes; Figure 3 ).
n Discussion
Our results revealed that at the national scale, agricultural intensification increases the yield of crops with low or no pollinator dependence but failed to increase the yield of highly pollinator-dependent crops. Similarly, the effect of agricultural intensification on yield temporal stability ranges from positive for crops with little or no pollinator dependence to negative for crops that are highly dependent on pollinators. Although we did not directly assess the effect of agricultural intensification on pollinator diversity and abundance, the clear link with (a-e) and yield variability (f-j) pollinator dependence strongly suggests a trade-off between agricultural intensification and crop pollination services across France; for pollinator-dependent crops, the expected benefits from agricultural intensification are offset by the reduction in pollination services. This finding is further supported by numerous studies highlighting a negative impact of agricultural intensification on local pollinator communities (Kennedy et al. 2013) . Moreover, given the wide range of climatic conditions occurring in France (across the Atlantic, Continental, Mediterranean, and Alpine biogeographic regions), the similarities in agricultural intensity (as indicated by levels of fertilizers and pesticides, according to the UN Food and Agriculture Organization [FAOSTAT 2013]) , and the set of crops (~70% of French crops considered are also cropped in one-half of the European countries; FAO-STAT 2013), our results may be representative of Western European agriculture as a whole. At the scale used in our analysis, the three components of the intensification index ("Crop diversity", "Extensive farming practices", and "Landscape elements") were highly correlated, making their respective effects indistinguishable from each other. To overcome this problem, researchers will need to conduct such large-scale analysis at finer spatial resolutions. Changes through time in the impact of agricultural intensification on pollination services are another key aspect to investigate if we are to anticipate future limitations on the productivity of pollinatordependent crops. Whether a decline in pollinator diversity and abundance translates into a decrease in the production of pollinator-dependent crops, which would define a state of "pollination crisis" (Ghazoul 2005) , is an ongoing debate (eg Allen-Wardell et al. 1998; Steffan-Dewenter et al. 2005; Ghazoul and Koh 2010) . So far, global assessments have not shown any negative effects on pollinator-dependent crop productivity as a result of a pollination shortage (Aizen et al. 2008) or agricultural intensification (Ghazoul and Koh 2010) . This could be attributed to spatial and temporal variations in climate, soil fertility, and pollination management that are encompassed by globalscale datasets and that might mask any differences in the provision of pollination services by wild pollinators. Additionally, overlooking the varying levels of pollinator dependence (ie solely contrasting pollinator-independent versus pollinator-dependent crops; Aizen et al. 2008; Ghazoul and Koh 2010) prevented the detection of the gradual changes revealed in our study, from pollinatorindependent to highly dependent crops. Here, we have demonstrated how the trade-off between the delivery of pollination services and the provision of other resources through intensive agriculture is consistent enough to limit crop yield and yield stability at a national scale. This underlines how the negative effects of agricultural intensification on biological diversity can result in changes to the factors limiting crop production, from nutrients, water, and pest control to pollination services (Bommarco et al. 2013) , and suggests that further conventional agricultural intensification would be an inefficient method to increase the production of pollinatordependent crops. Furthermore, for many crops, because the loss of pollination services cannot be compensated by managed honeybees (Apis mellifera), wild pollinators remain essential (Breeze et al. 2011; Garibaldi et al. 2013) .
The global challenge of balancing food production with biodiversity conservation is linked to the question of whether natural areas and agricultural lands should be kept separated (the "land-sparing" approach) or integrated (the "land-sharing" approach) (Tscharntke et al. 2012) . Proponents of land sparing argue for an increase in crop yield per area through farming intensification, thereby sparing natural areas from conversion to agricultural lands, whereas land-sharing advocates believe that both agriculture and biodiversity can exist on the same land. Our findings suggest that for highly pollinator-dependent crops, land sparing would not lead to higher yields, and that land sharing would increase yield stability over time. Different approaches to agricultural land management should therefore be developed based on each crop's level of pollinator dependence. The national scale of our findings is of particular relevance here, since country-level decisions are needed to respond to this global issue.
Our results add to the growing body of work suggesting that conventional intensive agriculture is not always necessary to maximize crop production efficiency (Seufert et al. 2012) and supports the need for a sustainable agriculture approach that can meet the dual challenge of feeding humanity without further diminishing Earth's biodiversity (Tilman et al. 2002; Tscharntke et al. 2012) . Researchers and policy makers must develop ecologically based agricultural intensification that would maximize yield by taking full advantage of both ecosystem services and anthropogenic practices (Bommarco et al. 2013 ). The next steps should be to focus on understanding how enhanced pollination and other ecosystem services (Isaacs et al. 2009 ) affect various crop production systems, and how these can be integrated into sustainable agricultural strategies.
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